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Traffic Scheduling System 

Field of the Invention 

The present invention relates to methods and apparatus for traffic scheduling 
5 and particularly for scheduling vehicles on road journeys. However, it also applies to 
shipping operations, aircraft as well as rail journeys and multi-modal journeys which 
combine movement in two or more modes of transit. 

The preferred embodiment of the present invention uses two forms of traffic 
planning data for scheduling vehicle journeys. First, pre-event traffic planning data is 
10 used in the form of a forecast of probable vehicle speed over a particular stretch of 
road at a particular time, e.g. a particular time of the day on a particular day of the 
week. Such data is based upon analysis of actual travel times gained from the 
vehicles which traverse a particular stretch of road and the knowledge that similar 
circumstances may take place. Secondly, a current traffic delay reporting system 
15 provides real time data in terms of actual vehicle speeds over a particular stretch of 
road at a particular time, e.g. a particular time on a predetermined day. In addition a 
feedback loop compares actual traffic speed data with the pre-event traffic planning 
data already provided in order to improve the quality of the pre-event data. This 
information is useful to both traffic planners and those drivers planning and 
20 undertaking journeys in order that they may be able to accurately calculate their 
specific journey times. 

For the purposes of this specification the term "traffic planner" includes any 
person or apparatus capable of planning or undertaking a journey or multiple 
journeys. The ability to obtain live traffic delay data also allows those planning and 
25 undertaking journeys to re-plan and re-route vehicles in order to avoid known delay 
spots. The term "transit point" used herein means a stopping place on a journey, for 
example for loading or unloading payloads and delivery items. 
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Background Art 

Commercial vehicle routing and scheduling methods have been in existence 
for many years, providing a minimum mileage estimate for single or multiple vehicle 
journeys of one or more drops or stopping places. One such known system is 
5 disclosed in a paper entitled "Scheduling Vehicles from a Central Depot to a Number 
of Delivery Points" Clark, G., and Wright, J. W., Operations Research (1963), 11, 
568-581. Known methods, however complex, rely on the determination of an average 
vehicle speed for a particular type of vehicle (for example, an articulated vehicle) over 
a defined type of road (for example, a motorway). More sophisticated systems apply 

10 congestion factors to potential travel speeds as percentage reductions in the defined 
speed between specific times on a particular day. 

In practice, vehicles travel over different stretches of any road at different 
speeds depending upon the time of day, type of vehicle, volume of traffic, restrictions 
such as road works, or specific traffic incidents such as accidents or breakdowns. 

15 Since actual traffic speeds are affected by traffic congestion of one type or another, 
forecast travel times used in vehicle routing and scheduling techniques are inaccurate. 

In the commercial sector, the results of inaccurate forecasts are particularly 
significant upon the productivity of both the resources and staff undertaking a 
journey. In the last few years, vehicle routing and scheduling methods have lost 

20 favour with operational managers due to the gap between planned journey times and 
actual journey times: For example, in a commercial operation delivering orders to 
customers within required time windows, it is estimated that more than 18% time 
contingency is built in to the daily traffic plan to ensure a 98% probability of success 
in achieving all the deliveries within the desired time windows. Furthermore 

25 extension of the working day (often resulting in the payment of overtime to both 
drivers and warehouse staff) may be another consequence if the delivery time is 
extended due to traffic congestion. Journey planners are also criticised because the 
18% time contingency built into a traffic planning schedule results in productive time 
being wasted on a good day. 
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Therefore, to date the majority of telematics systems have been limited to cars 
and applications to support heavy goods traffic and passenger traffic have been 
largely ignored. Preferred embodiments of this invention focus upon the application 
of this technology for heavy goods and passenger traffic. However, the invention is 
not limited to this, the invention having applications in other fields, including the 
non-commercial sector, such as emergency services or other commercial applications 
such as aircraft, rail and shipping operations etc. 

An objective of preferred traffic scheduling systems is to minimise the impact 
of both predicted and unpredicted traffic delays for the commercial vehicle operator. 
This invention seeks to provide an improved method of scheduling traffic. 

According to a first aspect of the present invention, there is provided a method 
of operating a traffic scheduling computer system for planning journeys, each journey 
having a plurality of transit points, method comprising receiving scheduling criteria 
including transit point data, receiving map data, said map data comprising one or 
more routes, each route defined by a plurality of route-sections, receiving forecast 
speed information for a traffic unit on each said route-section, the forecast speed for a 
given route-section depending on historical speed data for that route-section at a 
predetermined time on a particular day; and planning a journey including a plurality 
of transit points in dependence on the scheduling criteria and forecast speed 
information. 

In preferred embodiments, the scheduling criteria comprise one or more of 
availability data, distance data, time data, depot data, customer data, and product data. 
The availability data might comprise, for example, availability information for one or 
more of a prime mover, a trailer and a driver. The forecast journey speeds and times 
are derived at least in part from historical speed data acquired by means of floating 
vehicle data collection units or other mobile data collection means. Live traffic 
monitoring may also be performed by means of floating vehicle data collection units 
or other mobile data collection means. 

According to a second aspect of the present invention, there is provided a 
computer system for scheduling traffic, capable of planning journeys each having a 
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plurality of transit points, the system comprising means for receiving scheduling 
criteria including transit point data and map data, said map data comprising one or 
more routes, each route defined in terms of a plurality of route-sections, a data 
repository comprising historical speed data for each route-section, historical speed 
data for a particular route-section being represented for a predetermined time on a 
particular day, means for generating forecast speed information for a traffic unit on 
each said route-section based on said historical speed data, and processing means for 
planning a journey including a plurality of transit points in dependence on said 
scheduling criteria and forecast speed information. 

According to a third aspect of the present invention, there is provided a 
method wherein at least a portion of the planned journey is re-planned according to 
re-scheduling criteria after the traffic unit has embarked upon the journey. Preferably, 
said re-planning step is triggered in response to an unpredicted traffic event or 
operational failure. In preferred embodiments said unpredictable event data comprises 
live traffic reports and/or data derived from live traffic monitoring. 

According to a fourth aspect of the present invention, there is provided a 
method wherein a first journey solution is determined in a first algorithm processing 
step and an improved journey solution is determined in a further algorithm processing 
step. 

According to a fifth aspect of the present invention, there is provided a method 
in which unpredictable events are categorised according to a geographic region in 
which they occur and information on the unpredictable event is communicated to 
traffic units associated with a relevant geographical region. 

According to a sixth aspect of the present invention, there is provided a 
method in which forecast speed information for a route-section is recorded and 
compared with actual speed data for that route-section in order to provide a measure 
of reliability or feedback to the traffic scheduling algorithm. 

According to a seventh aspect of the present invention, there is provided a 
method in which floating vehicle probes are selectively activated for monitoring 
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based on a probability of the traffic unit carrying the probe being on a predetermined 
route-section. 

List of Drawings 

5 The invention will now be described, by way of example only, with reference 

to the accompanying drawings in which: 

Figure 1 is a schematic diagram illustrating components of a preferred traffic 
scheduling computer system; 

10 

Figure 2 illustrates a preferred system for on-board live data collection; 

Figure 3 schematically illustrates components for producing a Road Timetable™ data 
repository suitable for use in the traffic scheduling system of Figure 1; 

15 

Figure 4 illustrates a method for determining vehicle routes suitable for use in the 
traffic scheduling system of Figure 1; 

Figure 5 illustrates a system for reporting live traffic delays in the traffic scheduling 
20 system of Figure 1; 

Figure 6 schematically illustrates components for dynamic vehicle re-planning in the 
traffic scheduling system of Figure 1; 

25 Figure 7 illustrates components for live vehicle monitoring; 

Figure 8 illustrates the feedback of data applying to a vehicle journey; 

Figure 9 illustrates a preferred system for vehicle route planning and dynamic route 
30 planning; 
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Figure 10 illustrates examples of input data for deriving a planned vehicle route; 
Figure 11 illustrates a sequential insertion based algorithm; 

5 

Figure 12 illustrates a parallel insertion based algorithm; 

Figure 13 illustrates possible improvement phases for use in the traffic scheduling 
system of Figure 1; 

10 

Figure 14 illustrates a simulated annealing improvement algorithm; 

Figure 15 illustrates a Tabu search improvement algorithm; 

15 Figure 16 illustrates an algorithm used to calculate the impact of potential traffic 
congestion; 

Figure 17 illustrates an algorithm for calculating the impact of customer drop delays; 
and 

20 

Figure 18 represents an algorithm which can be used for dynamic vehicle re-planning. 

Description of the Preferred Embodiment 

A preferred embodiment of the present invention will now be described, by 
25 way of example only. Embodiments of this invention may be used for the planning of 
routes and/or schedules for all types of transport, including but not limited to cars, 
ambulances or other emergency or military vehicles, heavy goods vehicles, buses, 
coaches, aircraft, shipping and any other modes of transport. 

The traffic scheduling computer system of Figure 1 records daily traffic data 
30 by section of road (for example, between specific motorway junctions). It has been 
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indicated that approximately 75% of congestion is predictable both in probability of 
occurrence and in the delay time expected. Such predictable traffic congestion 
includes that due to volume of traffic, road works, wide-load movements or extended 
poor weather conditions. 
5 The ability to predict such pre-event traffic congestion is based upon the 

collection, interpretation, analysis and presentation of historic and forecast data both 
from within the public domain and from specific sources such as vehicles which are 
fitted with a probe to detect location and speed, which when collected is known as 
'floating vehicle data' (FVD)™. The outcome of this analysis is a list of "pre-event" 

10 traffic delays which is an aspect of the preferred embodiment of the present invention. 
The summary of the data analysis presents a forecast of travel speeds for selected 
types of vehicles over a specific road length at specific times of the days of the week, 
known as the "Road Timetable™". Preferred embodiments can record speeds against 
calendar dates so that all patterns of traffic behaviour can be identified. 

15 The presentation of forecast travel speeds for specific road lengths and times 

of the day, allows the journey planner to add this data to a vehicle routing and 
scheduling algorithm to produce more accurate vehicle travel plans. The application 
of the "Road Timetable™" in a vehicle routing and scheduling method is a further 
aspect of the preferred embodiments of this invention. A vehicle routing and 

20 scheduling method based upon the use of this type of predictable travel time for each 
section of road on a journey provides an improvement over known journey planning 
systems. However, such systems still have a degree of error between the planned time 
and the actual time which corresponds to approximately 25% of unpredictable traffic 
delays. 

25 Unpredictable traffic delays, such as those caused by road traffic accidents 

(RTA) may also be identified as they occur by means of vehicle probes which are 
within the area in which the delays are actually occurring or from traffic reports on 
particular incidents. These unpredicted incidents may be reported separately in 
association with a geographic location, for example a section of road in a postcode 

30 sector. Such information may be sent to both traffic planners and drivers by means of 
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any suitable form of communication. Actual vehicle speed in unpredicted traffic 
scenarios may be compared with the speed forecast from historic data, thereby 
making it possible to determine a new predicted delay time. The calculation and 
communication of this current traffic delay due to unpredictable events is a further 
5 aspect of the preferred embodiment of this invention. 

By monitoring vehicle progress in real time it is possible to report where 
traffic delays are occurring so journey planners can identify or select vehicles which 
are affected by the unpredicted traffic incident(s). Upon identification of a vehicle 
affected by an unpredictable traffic delay and determination of the delay time arising 

10 from the or each incident the information is supplied to a 'dynamic vehicle re- 
planning system". The dynamic vehicle re-planning system can for example enable 
re-routing of vehicles mid journey to avoid the unpredicted traffic delay and/or re- 
plan the drop sequence of a delivery load. Preferred vehicle re-planning systems can 
be included within or associated with general vehicle routing and/or scheduling 

15 systems. 

Preferred traffic planning and re-planning systems are further enhanced if for 
example multiple elements of the delivery resource (trailer, prime mover and driver) 
are considered as separate but inter-related resources. This can be facilitated by 
monitoring a prime mover and a trailer separately and using driver and vehicle 

20 recognition systems. Thus, the driver and vehicle(s) can.be monitored separately.. 
The driver's identity is recognisable to the data collection unit on at least the prime 
mover. Considering vehicle routing and scheduling tasks in terms of a number of 
separate resources (trailer, prime mover and driver) offers many alternatives in the 
event of an unpredicted traffic delay. The application of the knowledge of the delay 

25 time from an unpredicted traffic incident in the dynamic vehicle re-planning is a 
further aspect of the preferred embodiment of this invention. 

Figure 1 identifies component parts of the preferred computer system and how 
they link together. Each component part has both inputs and outputs in its own right, 
a detailed description of which follows. Some component parts described herein may 

30 be obtained on the commercial market from independent vendors, the functionality 
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and construction of others will be apparent to a skilled person from the description 
herein. The preferred embodiment combines a number of novel aspects which 
include: the Road Timetable™ - an information resource containing forecasts of 
traffic speeds by type of vehicle over a particular section of road on a defined day and 
5 time accounting for known traffic delays; the application of the Road Timetable™ in 
commercial vehicle routing and scheduling, the calculation and rapid communication 
of potential delay time in relation to unpredictable traffic delays; and the application 
of such delay time in dynamic vehicle re-planning. In the context of this description 
the term "dynamic" means while a vehicle is en-route, i.e. has already embarked on a 
1 0 planned journey. 

Referring to Figure 1, a preferred traffic scheduling system 100 comprises a 
Road Timetable™ 1 10. The Road Timetable™ 1 10 is an information resource which 
supplies forecast information taking into account historical traffic data to a Vehicle 
Route Planner 120. The forecast information is in the form of a database recording 
15 speeds by vehicle type, road section and temporal characteristics. The Road 
Timetable™ is described hereinafter with reference to Figure 3. 

The Vehicle Route Planner 120 calculates the best route for the or each 
proposed journey, taking into account the start location, destination location and any 
transit points which may be relevant. The Vehicle Route Planner 120 and its modes 
20 of operation are described in more detail later with reference to Figure 4. The Vehicle 
Route Planner 120 outputs an indication of the best route or routes to a Dynamic 
Vehicle Re-planning stage 130. 

The Dynamic Vehicle Re-planning stage 130 is capable of adjusting a route 
for a vehicle which is already embarked on a route determined for it. That route may 
25 have been determined by the Vehicle Route Planner 120 or an earlier re-planning 
process of the dynamic re-planner 130. The dynamic re-planning stage 130 receives 
information from a live delay reporting facility 140 and a Live Vehicle. Monitoring 
Facility 150. The Live Vehicle Monitoring Facility 150 measures a real time delay by 
recording current vehicle speeds by means of vehicle-bound, i.e. "on-board" data 
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collection units (DCUs). This collection of data is represented by box 160 of Figure 
1. 

Further descriptions of the Dynamic Re-planning stage 130, the Live Delay 
Reporting Facility 140, the Live Vehicle Monitoring Facility 150, and the on-board 
5 data collection units are provided hereinafter with reference to Figures 6, 5, 7 and 2, 
respectively. 

In this embodiment, the route determined by the traffic scheduling System 100 
is output from box 130 to the hand held terminal as described in Fig. 6 but this 
configuration should not be limiting and different communication means may be 

10 employed in other embodiments. 

A Post Trip Data Module 170 receives route information from the Dynamic 
Vehicle Re-planning stage 130 and the Live Data Collection Units represented by box 
160. These inputs are processed and results fed back to the Road Timetable™ 110 
and Vehicle Route Planner 120. The processing performed by the Post Trip Data stage 

15 170 compares a log of actual delays occurring over time with the planning and re- 
planning information output at the corresponding time so that deviations can be taken 
into account in the next schedule determination. This is described in more detail with 
reference to Figure 8. 

Figure 2 illustrates the technique by which a vehicle collects live data about its 

20 position and operational characteristics. This technique is described because the 
characteristics of live data are used in the generation of the Road Timetable™ 110 
and in the determination of unpredicted traffic delay. A vehicle which contains a data 
collection unit is referred to herein as a "probe" vehicle. 

The precise location of a probe is defined by its latitude and longitude. This is 

25 obtained through calculations on information derived from a Global Positioning 
System (GPS) receiver fitted to the vehicle. The GPS receiver obtains at least three 
direct line of site readings from the GPS Satellites 220 using a well known technique 
to obtain an accurate vehicle location. In Europe such GPS receivers may be obtained 
from a number of commercial suppliers produced under the Global Automotive 

30 Telematics Standard (GATS) issued by Comite Europeen de Normalisation CEN. 
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Similar receivers known outside Europe are suitable for use in accordance with the 
present invention. 

A combination of vehicle positions obtained at predetermined time intervals 
throughout a journey, is known as Floating Vehicle Data 210. This Floating Vehicle 
5 Data 210 is the basis for the calculation of vehicle speed and direction of travel at a 
particular position. 

In this embodiment, each probe contains means for transmitting location 
information and/or information derived therefrom to a central data collection point 
240. Floating Vehicle Data 210 may be accumulated on-board the vehicle by a data 

10 collection unit 230. This may be stored in a suitable vehicle-bound storage device or 
transferred to another suitable storage device, such as a Hand Held Terminal (HHT) 
or a Personal Digital Assistant (PDA) 250. Alternatively, or in additions, the Floating 
Vehicle Data may be transmitted directly from the data collection unit to a central 
data collection station 240. Live data may alternatively be sent to the central data 

15 collection point 240 via a HHT/PDA 250 by immediate communication using, for 
example, Short Messaging Service (SMS) or General Packet Radio System (GPRS). 
A skilled person would be able to select a suitable communications configuration for 
a particular application. 

Where Floating Vehicle Data 210 is accumulated on board, it may be held on- 

20 board 230, for example in a Hand Held Terminal (HHT/PDA) 250 for the driver or 
passenger to use as part of an independent navigation system. In this case, data from 
the HHT 250 may be transferred to the Data Collection Station 240 later by any 
suitable means including, but not limited to, historic data direct base station or radio 
download upon return to base. 

25 Live data from the Data Collection Station 204 may be used by a Vehicle 

Scheduler 260 to track the progress of vehicles on their predefined route. Historic data 
will be obtained from the On-board Data Collection function 230 and analysed as Post 
Trip Data 170 to update the Road Timetable ™ (see Figure 8). 

Figure 3 is a schematic diagram illustrating the Road Timetable™ data store. 

30 The positional data is collected throughout a journey from a plurality of Vehicle 
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Probes 310. The Vehicle Probes 310 are distributed over a predetermined 
geographical area permitting the calculation of historic average vehicle speeds for 
different types of vehicles on specific road sections at specific times of the day on 
particular calendar days. In addition, or in the alternative, traffic data may be collected 
5 from other sources such as fixed sensors or another technology indicating location 
(e.g. mobile phones). This historical data resource is called Historic Floating Vehicle 
Data 320. Historic Floating Vehicle Data 320 is presented as forecast vehicle speeds, 
classified by type of vehicle and by time of day on a predefined stretch of road. For 
example, entries in the Road Timetable™ 110 may indicate the historic average speed 

10 of a freight vehicle, at 15 minute intervals, on the portion of the Ml between junctions 
19 and 20, Northbound). The Historic Floating Vehicle Data 320 is passed through a 
number of statistical analyses stages to determine the average speeds from the 
plurality of detected vehicle probes 310 for each vehicle type at specific time intervals 
(e.g. every 15 minutes) and to place more statistical weight upon the more recently 

15 collected data. 

The information in the Road Timetable™ 110 is thus the presentation of the 
historic traffic speeds averaged over a time period for a specific road length at specific 
times. This data thus incorporates all predictable traffic delays due to factors such as 
volume induced congestion of traffic or long term road works. The information in the 

20 Road Timetable™ 1 10 is presented such that it can be used in the process of planning 
vehicle routes and schedules 120. Further, Post Trip data 170 is fed back to enhance 
the Historic Floating Vehicle Data 320. The Road Timetable™ 110 also contains 
additional data relevant for planning vehicle routes for vehicles of various types. This 
additional data can be obtained from sources in the public domain 510 and/or from 

25 sources outside the public domain 520. 

The information contained in Road Timetable™ 110 may include different 
types of information which may be presented in many different forms. The Road 
Timetable™ 110 is preferably presented in electronic form and the data updated 
periodically by means of a web browser or other suitable means. 
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Users may choose from a number of criteria known to traffic planners, for 
example, whether the following information should be made available: 

• Road link identification means 

• Link length 

• Day of the week (of which eight are recognised, namely Sunday to Saturday 
and Bank Holiday) 

• Time of day (in defined intervals) 

• Speed through link 

• Delay (time) 

• Reason for delay (if known) 

• Vehicle type 

• Inbound links 

• Outbound links 

• Restrictions in link (for example, low bridge or level crossing) 

• Restrictions for use (times when heavy goods vehicles restricted) 

• Weight restrictions 

• Bridge height or road width restrictions 

• Toll charges 

The application of the Road Timetable™ 110 to the process of planning 
vehicle routes 120 gives a high level of accuracy in forecasting vehicle speeds for 
each type of vehicle over a specific road length at a specific time on a predetermined 
calendar day. For a given type of vehicle, summing the forecast average speeds over 
the plurality of defined road sections of a journey allows the calculation for expected 
total' driving time on a proposed journey. This is a useful measure because the total 
driving time in a day is restricted by law in many countries, particularly for drivers of 
heavy goods vehicles and coaches. 

Figure 4 describes how vehicle routes are planned by the traffic scheduling 
system of Figure 1. In this example, separate resources of a commercial heavy goods 
operation are regarded as the vehicle (prime mover), the trailer and the driver. This 
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approach to resource management is useful because a round trip for a trailer carrying 
a delivery load may consist of a delivery to one or more locations and collection of 
product from one or more locations, with such locations being visited over one or 
more days and requiring a substantial total mileage to be covered. However, such a 
5 trailer may be pulled by more than one prime mover and utilise more than one driver 
to complete the journey. Although the example given is directed to commercial heavy 
goods, this is not intended to be limiting. The invention also applies to a multitude of 
other fields, examples include aviation, rail, shipping, military or emergency services, 
where other types of separate resource, such as vehicles and crew, might be required. 

10 Preferred embodiments also include commercial and non-commercial uses, in which 
it might only be necessary to monitor either the vehicle or the trailer. 

The input parameters 610 for a preferred initial routing and scheduling 
algorithm 450 include, but are not be limited to: data from the Road Timetable 110, 
characteristics and availability data 410 of the vehicle; trailer and driver, depot 

15 locations 430; customer orders and constraints 420; initial time and distance matrix 
440 between all customers drop points, collection points and the depot locations. The 
distances of the time and distance matrix 440 are calculated by means of an electronic 
road map using the shortest distance routes between relevant transit points. 

These parameters are used by the initial routing and scheduling algorithm 450 

20 to provide initial vehicle routes. Therefore in preferred embodiments, information 
from the Road Timetable™ 110 is input to a routing and scheduling algorithm 450 to 
provide optimised routes based on accurately predicted travel times. The routing and 
scheduling algorithm 450 outputs the optimised route and predicted travel times to a 
scheduler interface unit 460. The scheduler interface unit 460 has an interface 

25 allowing, where desired, manual adjustment of parameters and reprocessing of the 
routing and scheduling algorithm 450 to provide accepted planned vehicle routes 470. 
Therefore it is not mandatory for an operator to accept the recommended routes(s) and 
he may instead wish to impose criteria, route sections and/or entire routes. In this 
embodiment, the accepted vehicle routes 470 are the basis for both the fleet 
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performance reporting 480, via incorporation into the post-trip data 170, and any 
subsequent dynamic vehicle re-planning 130. 

In the initial routing and scheduling algorithm 450 vehicle speed is input via 
parameter 410 and is applied to calculate the travels from the time and distance matrix 
5 440. The application of Road Timetable™ information 110 as a parameter in the 
initial routing and scheduling algorithm 450 allows speeds along the route considered 
in the algorithm to be represented as a forecast speed for each specific road length at 
the appropriate time in the relevant day of the week. The application of the Road 
Timetable™ information 110 in this way may make one or more routes unfeasible 

10 owing to the available drivers time input as one of the characteristics and driver 
availability parameters 410. Under such circumstances the algorithm will utilise 
specific operations research techniques, such as parallel insertion or Tabu search 
(shown later in figures 12 & 15 respectively), to reallocate customer orders and 
customer collections to alternative vehicles. 

15 For implementation reasons, a skilled person may decide to process Road 

Timetable information 110 as a further phase performed after an initial processing of 
the vehicle routing and scheduling algorithm 450, as will be described in more detail 
hereinafter. A skilled person will appreciate there are other ways of incorporating 
Road Timetable™ information 110 into the routing and scheduling process. 

20 Figure 5 illustrates functions of the live traffic delay reporting stage 140 which 

compares the actual (real time) traffic speeds from individual vehicle probes 
providing Floating Vehicle Data™ 210 with the forecast traffic speed (by type of 
vehicle) reported on the Road Timetable™ 110. 

The Traffic Alert Generator™ module 550 is the comparison and quality 

25 control routine from which the live delay reporting information 560 is generated. 
This module can identify unpredicted traffic delays as well as improvements in traffic 
speeds having regard to the record in the Road Timetable. In this embodiment, the 
Traffic Alert Generator™ 550 first selects vehicle probes, preferably based on a 
probability function reflecting the likelihood of the vehicle being on the relevant road 

30 section, to determine in real time from the selected vehicle probes specific aspects of 
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Floating Vehicle Data 210. In this example, the criteria sampled include the traffic 
speed by vehicle type over a specific road section at a specific time of the day. These 
criteria are compared with the forecast speed by type of vehicle on the corresponding 
road section at the appropriate time on the same day from the Road Timetable 110. 
5 Any significant deviation is indicated by the Traffic Alert Generator to the Congestion 
Scheduler by means of traffic delay incident reporting 540 and recorded within the 
Traffic Alert Generator for live delay reporting 560 to either the Vehicle Scheduler 
260 or direct to a driver 570. 

The actual live data obtained from the vehicle probes or other sensor data 580 

10 is compared with the predicted speed held in the Congestion Scheduler™ 530 and any 
significant variance reported back to the Traffic Alert Generator 550 through the live 
delay reporting 560 system. The Congestion Scheduler™ 530 is a database of known 
incidents which are likely to cause traffic delays. The data on each incident recorded 
in the Congestion Scheduler™ is obtained either from the public domain 510 or from 

15 a source outside the public domain 520. An example of a source outside the public 
domain is a police force providing an escort for a slow moving wide load, such a 
source typically being able to provide speed and route information. The Congestion 
Scheduler™ 530 also includes a database of earlier incidents to apply 'artificial 
intelligence' techniques to predict potential delays incurred by an incident from the 

20 moment one is detected. The Congestion Scheduler™ 530 is issued to users as a 
separate database or is available on the Internet or the like. When the reason for a 
traffic delay incident 540 is established and verified by other sensor data 580 or the 
traffic alert generator 550, then the information is passed to the live reporting system 
560. 

25 Following the determination of a traffic delay by the Traffic Alert Generator™ 

550, the live delay reporting system 560 sorts the delays by geographic zone, for 
example by postcode (zip code or other area classification means) and reports these 
to drivers 570 in the relevant post code (zip code or other geographical zone) by 
means of a suitable communication system, such as SMS or GPRS, possibly utilising 

30 HHT or PDA 250 or a Radio Traffic System - Traffic Messaging Centre (RDS-TMC). 
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The live delay reporting system 560 also reports the geographically classified delays 
to vehicle schedulers in step 260. Where a vehicle scheduler is a person the delay may 
be reported, for example, direct to a desk top computer in order that they may take- 
on-route vehicle re-planning 130. Where the scheduler is a computer implemented 
5 system, the delay may be reported to an appropriately figured Applications 
Programmer Interface (API), for example to the dynamic vehicle re-routing module 
130 of Figure 1. 

All incidents logged in the Traffic Alert Generator® 550 are monitored by 
means of Floating Vehicle Data 210 until the incident is cleared. This type of historic 

10 data is also maintained in the database to be used as part of an 'artificial intelligence' 
system to predict the length, in time, of any incident on a specific journey. By 
comparing real time Floating Vehicle Data 510 indicating actual vehicle speed over a 
specific road section at a specific time of day on a specific day of the week with the 
forecast vehicle speed calculation in the Road Timetable™ 1 10, which is classified in 

15 the same way, unpredicted traffic delays or unpredicted improvements in traffic 
speeds are identified as occurrences which produce a significant variation. The 
identification, verification, calculation and reporting of such occurrences or incidents, 
with reasons, to users or route-planning/re-routing applications is a useful service. 

Figure 6 describes the dynamic vehicle re-planning process 130 which is 

20 employed when significant unpredictable traffic delays occur. Such re-routing may 
be necessary in the event of unpredicted traffic delays in commercial heavy goods 
vehicles for example in order to either achieve the customer service levels required or 
to maximise the drivers' potential driving time within recognised legal limits, if any 
apply- However, as noted above, this is not limited to commercial heavy goods 

25 systems. Dynamic vehicle re-planning could feasibly be of use in a variety of other 
systems including the examples noted above. In practice, a maximum tolerable length 
of unpredictable delay is predetermined and when this threshold is exceeded a re- 
planning process is initiated. The value of the threshold in time depends on the 
application. 
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From a knowledge of vehicle routes in use 470, unpredictable live traffic 
delays reported by geographical zone 560 and the existing vehicle scheduling 
parameters 610 it is possible to re-route vehicles already embarked upon planned 
journeys using a dynamic vehicle re-routing and scheduling algorithm 620. The 
5 purpose of the dynamic re-routing and scheduling algorithm 620 is to provide a new 
route for undertaking all planned stops for any vehicle which is subject to an 
unpredicted traffic delay. This process depends upon being able to indicate the 
current position, direction and speed of a delayed vehicle by means of a probe and 
live vehicle progress monitoring 150. 

10 The dynamic vehicle re-routing and scheduling algorithm 620 determines a 

number of new route options by means of 'artificial intelligence' in a predetermined 
priority order for each vehicle effected by an unscheduled traffic delay or 
improvement in traffic speed above that forecast in the Road Timetable™ 110 used in 
the calculation of the original pre-event planned routes 470. The dynamic vehicle re- 

15 routing and scheduling algorithm 620 may consider, for example, one or more of the 
following options in the event of a delay: 

• Extending the drivers driving and working time to maximum permitted hours in 
that day or the next day. 

• Despatching another driver (with sufficient driving and working time available) to 
20 a pre-selected point to relieve the first driver and complete the work. 

• Deleting one or more collection and using another vehicle combination to 
undertake this work. 

• Delaying a non-critical customer drop until the next day. 

• Returning a customer drop, duplicating the order picking and sending another 
25 vehicle combination out later to undertake the delivery. Returning the original 

order to stock upon return of the delayed vehicle combination. 

• Dropping the trailer at pre-selected point for another driver to collect and 
complete the work (including drivers of third-party operators). 
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• Dropping the trailer at pre-selected point and asking the customer to collect it and 
deliver the load (for example if a third-party logistics firm undertakes the 
collection and delivery for the customer). 

The dynamic re-routing and scheduling algorithm 620 will present alternative 
5 solutions to a vehicle scheduler interface 607. The scheduler interface 607 confirms 
the recommended changes or can select an alternative. Once the vehicle scheduler 
607 has confirmed a selection the dynamic vehicle re-planning module 130 will 
communicate to the drivers concerned 250 actions to taken by the selected 
communication means, for example, SMS or GPRS. 

10 The dynamic re-routing and scheduling algorithm 620 stores the selected 

changes to track the progress of the changes at selected time intervals. The stored 
changes are also available in the database for the 'artificial intelligence' function. The 
tracking of the vehicle ("prime mover") and the load ("trailer") are preferably 
undertaken separately, in accordance with the separate consideration of these entities 

15 in the re-routing and scheduling algorithm 620 (and the routing algorithm 450). This 
allows efficient routing and scheduling when for example a new prime mover collects 
a trailer and completes the work or another driver is despatched to complete the work. 
In the event that progress monitoring of a change shows, further delays outside the 
accepted parameters then an exception message will recommend to the scheduler 460 

20 that the route is re-planned again. This process may be reiterated for either a single 
vehicle or vehicle-load combination as well as for multiple vehicles and vehicle-load 
combinations. 

Following the identification of a significant unpredicted traffic variation the 
application of the on-route vehicle re-planning, by means of a combination of 
25 dynamic vehicle routing and scheduling techniques and, optionally, 'artificial 
intelligence' techniques together with communications to the vehicle and the 
monitoring of the vehicle progress (or vehicles progress) after the route re-planning 
process provides a significant increase in performance with preferred embodiments. 
Figure 7 describes the live vehicle monitoring system 150 which is required in 
30 order to both determine the existence and extent of any unpredicted traffic delays and 
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to confirm the location, direction and speed of the vehicle for on-route vehicle re : 
planning and monitoring requirements. 

The vehicle scheduler 260 knows the planned vehicle route 470 and checks the 
progress of any vehicle on a pre-defined vehicle route 470. This is achieved using live 
tracking through a data collection point 240 receiving on-board information 230 from 
the vehicle probes on either (or both) a vehicle 710 or a trailer 720. This live tracking 
data is required for the scheduler to map the progress of a vehicle and/or the trailer 
150 and to determine whether to undertake dynamic vehicle re-planning 130 in the 
event of a traffic delay or improvement. Live vehicle monitoring also allows the 
vehicle scheduler to confirm that a vehicle or trailer is heading towards or is in a 
reported traffic delay. 

Figure 8 identifies the post trip data 170 requirements and is essentially a 
feedback loop providing up to date data for the Road Timetable™ 110. Post trip data 
170 is collected from two sources: firstly, floating vehicle data collection 810, for 
example from the vehicle probes either collected live or stored on the vehicle and 
downloaded as required and secondly, data from the dynamic vehicle re-planning 130 
process. All data collected is validated 820 and then presented in a post trip database 
170. The post trip data is subsequently used to both up date the Road Timetable™ 
110 and to provide fleet performance reporting 480 including comparing actual 
activity from the Floating Vehicle Data 810 with the planned vehicle routes 470. 

The activities of collection, validation and application of the post trip data 
facilitate updating of the Road Timetable™ 110. This process also measures the 
quality of information from the Road Timetable™ 110, when there were no 
unpredicted incidents, by virtue of it being a measure of the difference between the 
predicted traffic speed as indicated in the Road Timetable™ 110 and the actual traffic 
speeds achieved over a specific road length at specific times of the day for a particular 
day of the week. The post trip data 170 is also used as a quality check upon the data 
initially presented and used. 

Figures 9-18 show in more detail a preferred embodiment for a method and 
system for traffic planning and dynamic vehicle re-planning. 



WO 2004/021306 



PCT/GB2003/003701 



21 

With reference to Figure 9, the initial data scheduling parameters 610 are used 
to run a primary algorithm 910 and then a secondary algorithm or algorithms 920. 
This provides initial results 930. These initial results 930 are then subject to 
consideration by the scheduler interface 460 using configured data 940 and/or 
5 adjusted results 950. There is then the option to use either or both the initial results 
930 or the adjusted results 950 as the input data for a tertiary algorithm 960 or 
algorithms 970. These tertiary algorithms may represent further improvement phases 
so as to further modify the results previously achieved. Alternatively they may also 
combine new data 980 (which may, for example, include live delay reporting 560 

10 and/or live vehicle progress monitoring 150), enabling previous results 930 and 950 to 
be modified in accordance with changes in circumstances, for example to enable 
dynamic vehicle re-planning 130. 

Figure 10 illustrates the input data requirements for deriving a planned vehicle 
route 470. These include but are not limited to: 

15 • a distribution depot 1010 referenced by location and activities; 

• the territory broken into geographical zones by a number of postcodes or other 
means 1020; 

• customer database 1030 giving for example, address, access times, access 
restrictions and type of mechanical handling equipment if required; 

20 • data on vehicle speeds 1040 combined with a map 1050 referred to herein as a 
road timetable 110; 

• the use of depot locations 430 and road timetable 110 to produce a time and 
distance matrix 440; 

• a table of orders classified into priorities by, for example, customer grouping or 
25 day of the week for delivery 1 060; 

• products data 1070 classified for example by priority of delivery or amount; 

• policies and procedures 1080 which for example, outline vehicle loading 
restrictions for each product group; 
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• operating rules 1090, either for the product (for example, temperature at which the 
product must be carried), or for the vehicle (for example, weight restrictions and 
lorry bans); 

• vehicle availability 10100 described for example, by vehicle type, carrying 
5 capacity and/or operating shifts for which they are available for use; 

• driver availability 10110 described for example, by vehicle licence class, training 
level in mechanical handling equipment and/or shift availability (according to 
contracts of employment and prevailing drivers' hours rules); 

• trailer availability 10120 described for example, by carrying capacity or 
10 specificity of goods. 

This combination of data may then be input into the routing and scheduling 
algorithm 450, which may be a series of algorithms 1130 for example a primary 
algorithm 910 and a secondary algorithm 920 or further algorithms. Such algorithms 
may for example be a sequential insertion based algorithm or a parallel insertion 

15 based algorithm depending on preference. 

Figure 1 1 displays a possible sequential insertion based algorithm which might 
be used as a primary algorithm 910. This utilises a series of sequential questions 
answered by reference to the input data shown in Figure 10. Beginning at start 1110a 
first question is asked 1 120. Is a seed order available? A seed order is an unscheduled 

20 customer order in the furthest geographical zone from the depot. If the answer is no 
the algorithm stops 1130 as there is no order to process. If the answer is yes, the 
algorithm moves on to question 1140, .... is a vehicle available? If the answer is that 
there is no vehicle available, the order is added to a list of orders not scheduled 1 150. 
If the answer is yes the algorithm checks if the order can be delivered 1 160. Again, if 

25 the answer is no as the order cannot be delivered it is added to a list of orders not 
scheduled 1 150. If the answer is yes the algorithm checks if the trailer capacity is full 
1170. If the answer is yes, the trailer capacity is full, this may be filed as a 
preliminary route 1180. If the answer is no the algorithm looks to see if the driver 
shift is fully utilised 1 190. If the driver shift is fully utilised, the algorithm checks if a 

30 smaller vehicle is available 11100. If the answer is no then this may be filed as a 
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preliminary route 1180. If the answer is yes the algorithm returns to the question 
1160 and moves through the process again. Alternatively if the answer to question 
1190 is no then question 11120, is there another order in the zone, is asked. If the 
answer is yes the algorithm returns to question 1 160. If the answer is no this is then 
filed as a preliminary route 1 1 80. 

Figure 12 represents a possible parallel insertion based algorithm which may 
be used as an alternative, or in addition to, the sequential insertion based algorithm 
shown in Figure 11. Beginning at start 1210 a seed order is selected 1220. The 
algorithm then checks if the vehicle capacity is available 1230. If there is no vehicle 
capacity available this is added to a list of orders not scheduled 1240. If capacity is 
available the algorithm then checks to see if the order can be delivered 1250. If the 
answer is no the selected seed order 1220 is added to a list of orders not scheduled 
1240. If the answer is yes the algorithm checks if all vehicles are full 1260. If the 
answer is yes this may be filed as a route 1270. If the answer is no the algorithm 
checks whether there are unscheduled orders 1280. If the answer is yes the algorithm 
returns to question 1250 and moves through the process again. If the answer is no the 
algorithm checks if the order could be inserted 1290. If the answer is no the 
algorithm stops 12100 as the order cannot be delivered. If the answer is yes the 
algorithm either selects the next order in the zone or the next seed order 121 10, and 
returns to question 1220. 

Once filed as a route the scheduler interface 460 may accept these routes. In 
which case routes 1180 or 1270 will become a planned vehicle route 470. A 
scheduler interface 460 may also decide to accept a stop result 1130 or 12100, or an 
addition to the list of orders not scheduled 1 150 or 1240. Alternatively, the scheduler 
interface may decide to utilise one or more improvement phases, as described having 
regard to Figures. 13-15. Each improvement phase will aim to reduce overall 
operating costs further and be targeted at a specific new requirement or requirements. 
Each improvement opportunity may require a specific operations research technique 
to provide an acceptable solution which reduces costs. 
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Figure 13 illustrates a number of options for improving the first solution 
produced by employing one or more improvement phases. Type one improvement 
phase 1310 involves running an additional algorithm in order to improve the solution 
already provided. When used alone this may be a tertiary algorithm 960 or may 
involve multiple tertiary algorithms, for example 960 and 970. An example of such 
algorithm might be a Tabu search algorithm (see Figure 15) and/or a simulated 
Annealing algorithm (see Figure 14). When type one improvement phase 1310 is 
used with an additional improvement phase, the second algorithm may involve 
repeating the initial algorithm or algorithms 10130 with modified data. This may be 
instead of or in addition to the use of a tertiary algorithm 960 or algorithms 960 and 
970. 

A type two improvement phase 1320 involves manual intervention, changing 
or adding to the input data to produce configured data 940. This may then be used to 
rerun the algorithms already in use 10130. Note that as an alternative embodiment to 
manual intervention a type two improvement phase could instead be based around a 
computer facilitated intervention. 

A type three improvement phase would involve selecting a depot for which the 
delivery is to be made to each customer 1330. This may be in response to changes in 
demand or stock or resource availability 1340. In this improvement phase a customer 
order 420 may be split and delivered directly (or indirectly) from two or more depots. 

Type four improvement phase 1350 involves correcting the input data where 
alternatives are known and data gathered upon the previous vehicle runs. For 
example this would include the use of telematics data 1360 to correct the speed of a 
particular type of vehicle of a defined stretch of road at a specific time of day as 
recorded in a road timetable 1 1 0 (see Figure 1 7). 

Type five improvement phase 1370 assesses the impact of using alternative 
resources 1380 for example different vehicle size configurations of specific changes 
in input data such as the impact of customer drop time delays. 

Type six improvement phase 1390 alters the data so as to assess the impact of 
the changes in customer demand 13100. 
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By adapting the data and running multiple algorithms as described above a 
variety of commercial traffic scheduling issues can be addressed via generating the 
customer specific data entry at the front end, suitable selection of algorithm running 
times (to obtain speed of response) and a security of the solution being addressed by a 
selection as a requirement by the user, each requirement being solved by a specific 
algorithm and providing specific outputs. 

The various algorithms allow the user the option of limiting cost by means of 
either minimising the number of vehicles used or by minimising the number of miles 
travelled. Each algorithm is designed to prepare the data then once set up by the 
operator have a run time of less then one minute on present computing systems for a 
500 customer order problem and less than two and a half minutes for a 1000 customer 
order problem. Figures 14-18 show a variety of algorithms which may be used in 
practice. 

Figure 14 represents a possible simulated annealing improvement algorithm. 
Starting at 1410 the total running time is first set 1420. A scheduled order is selected 
at random 1440 from a list of preliminary routes 1430. The algorithm checks to see if 
it is a feasible insertion 1450. If not and there is still time available 1470 another 
order is selected at random 1440 and the process begins again. If there is a feasible 
insertion 1450 the algorithm then checks if this route is better 1460. If not and there 
is time available 1480 then the algorithm returns to 1440 and carries on. If there is no 
time available the algorithm stops 1490. If the route 1460 is better the algorithm then 
checks if the move is allowed 14100. If it is allowed it is then filed as a route 141 10. 
If not the algorithm checks if the set time available is finished 1470 by returning to 
1440 if there is time available or stopping 1490 is the time available is finished. 

Figure 15 represents a possible Tabu Search improvement algorithm. Starting 
at 1510 a list of preliminary routes 1520 is used to reschedule the routes against 
objectives in a table 1530. The total running time of the first Tabu search has been 
previously set 1540 and if the time available is then finished the algorithm comes to a 
stop 1550. If time available is not finished 1560 the algorithm then selects the best 
move from the objective table rules 1570 - these are a set of key parameters defined 
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by the scheduler. The algorithm checks if this move is allowed 1580. If not the 
algorithm returns to 1570 to select the best remaining rules in the objective table 
rules. If the move is allowed the algorithm completes the move 1590. This is then 
filed as route 15100. More Tabu are then set by changing the key parameters and the 
5 algorithm returns to 1 530 and moves through the process again. 

Figure 16 represents an algorithm used to calculate the impact of potential 
traffic congestion. Starting at 1610 a route is selected 1620 from a file of preliminary 
routes 1630. Historic time and mileage forecasts 1640 are built up by subjecting data 
derived from on board data collection 230 to telematics data analysis 16100 to 

10 produce a road timetable 110. The historic time and mileage forecasts 1640 are then 
derived from this road timetable 110. A comparison of this route is made with a start 
time and mileage forecasts 1640 to check if the route is now feasible 1650. If the 
route is feasible it is filed as a new route 1660 and the algorithm returns to 1620 
selecting a new route to repeat the process. If the route is not feasible 1650 the route 

15 is recalculated using an improvement algorithm 1660. The resultant data is then 
inserted into the time and mileage matrix 1670, the system then returning to 1640 to 
repeat the process. If after recalculating with an improvement of algorithm 1660 all 
the routes are checked 1680 then the system stops 1690. If all the routes are not 
checked the system returns to 1620, selecting a new route to repeat the process. 

20 Figure 17 illustrates an algorithm for calculating the impact of customer drop 

time delays. Starting at 1710 a customer order is selected 1720 from a file of 
prehminary routes 1730. Data collected from on board data collection 230 is 
subjected to telematics data analysis 1740 and combined with customer parameters 
1750 to produce a customer drop time database 1760. The selected customer order is 

25 then fed into the customer drop time database 1760. The algorithm then checks if the 
customer drop time is set to zero 1770. If it is, average fixed and variable drop time 
assumptions are used 1780. If the customer drops time is not set to zero then the 
actual data of the customer drop time is used 1790. In either case this produces 
customer drop time data 17100. Using this data 17100 to indicate the time delay, the 

30 algorithm then checks if this order could be inserted 17110. If not the algorithm then 
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returns to 1720 selecting a new customer order and repeating the process. If, taking 
into account the delay time, the order could be inserted 17110 the order is then filed 
as a new route 17120 and the algorithm either stops 17130 or returns to 1720 to select 
a new order to repeat the process. 
5 Figure 18 represents an algorithm which can be used for dynamic vehicle re- 

planning. Starting at 1810 a route is selected 1820 from a file of current routes 1830. 
The route selected is in an affected zone 1820. The affected zones are determined 
1840 from the use of on board data collection 230 and incident reporting 540 by the 
traffic alert generator 550. The traffic alert generator 550 allows new time and 

10 mileage based upon actual data to be inserted into the selected route 1850. The 
algorithm then checks if this new route is feasible 1860. If the route is still feasible 
then the algorithm selects a new route 1870 and repeats the process. If the change 
indicated by the traffic alert generator means that the selected route is now no longer 
feasible the route is recalculated using an improvement algorithm 1880. The output 

15 from this is then filed as a new route 1890. The algorithm then checks if all the routes 
are checked 18100. If not a new route is selected 1870. If all the routes are now 
checked the algorithm stops 18110. 

It can be seen then that through a combination of real time monitoring from a 
variety of sources, the use of historical traffic data, and the selection of appropriate 

20 modifications and algorithm manipulations, routes can be planned and dynamically 
adjusted, taking into account a wide variety of different requirements, conditions and 
changing circumstances. Preferred embodiments thus benefit from a combination of 
the predicted traffic speeds offered by the Road Timetable™ used in pre-event 
planning of vehicle routes and schedules and live vehicle tracking which forms part 

25 of the live traffic delay reporting, which takes into account unpredicted traffic delays 
or improvements providing an opportunity for dynamic vehicle re-routing. In 
addition, the collection of post trip data is used to refine future predictions. 

Particular advantages of the preferred embodiments include collection and 
application of traffic data for use in pre-event planning of vehicle trips and post-event 
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real time re-planning in the event of an unpredicated traffic incident occurring while 
the vehicle is on its planned trip. 

The various apparatus modules described herein may be implemented using 
general purpose or application specific computer apparatus. The hardware and 
5 software configurations indicated for the purpose of explaining the preferred 
embodiment should not be limiting. Similarly, the software processes running on 
them may be arranged, configured or distributed in any manner suitable for 
performing the invention as defined in the claims. 



